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Appendix  D  -  MOE's  Disinfection  Audit 
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Appendix  E  -  MOE's  Building-by-Building  Sampling  Program 


Building  by  Building  Sampling  Program 

and  Audit  of  the  Cistern  and  Well  Separation  Program 


Program  Description 

The  sampling  program  was  designed  to  collect  a  water  sample  at  every  kitchen  tap  or 
common  drinking  water  tap  that  would  normally  be  used  for  potable  water  In  Walkerton. 
The  samples  were  analyzed  for  E.  coll,  total  coliforms  and  Heterotrophic  Plate  Count. 
The  samples  were  taken  a  minimum  of  two  weeks  after  the  disinfection  of  plumbing  in 
buildings  in  Walkerton  which  were  connected  to  the  municipal  supply.  This  period  of 
time  was  considered  sufficient  to  determine  whether  or  not  bacteria  were  capable  of 
establishing  themselves  within  the  distribution  system.  The  sampling  took  place  from 
July  27'^  to  October  4'^  with  the  majority  of  the  samples  being  collected  by  August  31^'. 

Sampling  teams  were  utilized  for  the  duration  of  the  sampling  program.  Each  team 
included  an  experienced  Ministry  of  the  Environment  (MOE)  or  Ontario  Clean  Water 
Agency  (OCWA)  team  leader  and  two  staff  members.  The  samplers  were  trained 
during  a  three  day  program.  They  received  classroom  hands-on  training  on  conducting 
chlorine  analyses  and  on  collecting  bacteriological  samples.  Health  and  Safety  matters 
were  also  addressed. 

After  a  day  and  a  half  of  classroom  study,  the  new  sampling  members  joined  staff  who 
had  been  conducting  the  Disinfection  Audit  program.  They  received  further  training  on 
gaining  entry  into  facilities,  recording  relevant  information,  conducting  total  and  free 
chlorine  residual  analyses  and  taking  bacteriological  samples  in  homes.  The  samplers 
also  received  training  in  recognizing  problem  sampling  points,  such  as  aerators 
attached  to  faucets,  or  taps  connected  to  cisterris  or  wells. 

At  the  time  the  samples  were  collected,  sampling  staff  measured  and  recorded  the 
levels  of  total  chlorine  residual  and  free  chlorine  residual.  They  also  completed  a 
questionnaire  relating  to  the  presence  of  cisterns,  wells,  or  any  other  external  source  of 
natural  water  supply  (Appendix  E-1  ).  Buildings  which  received  water  through  a  supplier 
other  than  the  Walkerton  water  supply  were  not  sampled. 

A  QA/QC  sample  was  collected  at  one  in  every  20  sample  locations. 


Laboratory  Technique 

All  of  the  water  samples  were  analyzed  by  Lakefield  Research  Ltd.  (LRL)  in  Lakefield, 
Ontario.  LRL  is  accredited  for  Total  Coliform  (TC),  Escherichia  coliforms  (E.  coll)  and 
Heterotrophic  Plate  Count  (HFC)  analyses  by  the  Canadian  Association  of 
Environmental  Analytical  Laboratories  (CAEAL).    On  the  day  of  collection,  the  samples 
were  delivered  to  LRL  and  were  prepared  for  analysis  within  24  hours  of  collection.  The 
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bottles  used  for  collecting  the  samples  were  pre-charged  with  sodium  thiosulphate  and 
sterilized  by  gamma  irradiation.  Samples  were  analyzed  using  the  membrane  filtration 
technique  as  specified  by  Standard  Method  SM9000.  The  media  used  for  E.  coli 
identification  was  mFC-BC1G,  for  total  coliforms  identification,  mEndo  and  for 
heterotrophic  plate  count,  mHPC. 


Response  to  Adverse  Results 

E.  coli  and  Total  Coliforms 

If  a  sample  tested  positive  for  total  coliforms  and/or  E.  coli,  the  building  where  the 
sample  was  collected  was  scheduled  for  re-sampling  as  soon  as  possible.  Two 
additional  samples  were  collected  on  different  days  and  analyzed.  If  both  these 
samples  were  reported  as  zero,  the  water  was  considered  to  be  free  of  E.  co// and/or 
total  coliforms.  A  protocol  was  established  that  if  either  of  the  re-samples  showed 
positive,  OCWA  would  be  notified  and  the  building's  plumbing  would  undergo  a  second 
disinfection. 

If  a  second  disinfection  were  required,  the  water  in  the  building  would  be  re-sampled 
immediately  after  disinfection.  If  the  sample  result  showed  positive  for  E.  coli  or  total 
coliforms,  OCWA  would  be  notified  to  re-disinfect.  Two  weeks  following  the  second 
disinfection,  the  building  would  again  be  sampled  and  the  results  reported  in  the 
Building-by-Building  Sampling  Program.  Once  two  successive  sampling  results  were 
obtained  showing  negative  results,  the  water  was  considered  to  be  free  of  E.  coli  and 
total  coliforms. 

Heterotrophic  Plate  Count  (HPC) 

The  Ontario  Drinking  Water  Standards  (ODWS)  state  that  the  following  condition  is  an 
indication  of  adverse  water  quality:  "Samples,  other  than  raw  water  samples, 
containing  more  than  500  colonies  per  ml  on  a  heterotrophic  plate  count  analyses"\  It 
was  thought  that  with  the  implementation  of  an  extensive  disinfection  program  of  the 
Walkerton  water  supply  and  long  term  maintenance  of  an  elevated  chlorine  residual  in 
the  distribution  system  there  would  be  a  low  heterotrophic  plate  count  in  water  samples. 
Analytical  results  obtained  from  the  Disinfection  Audit  showed  few  instances  when  the 
HPC  counts  exceeded  100  colonies  per  ml.  Results  indicating  levels  above  250 
colonies  per  ml  (50%  of  the  ODWS  of  500  colonies  per  ml),  would  be  unusual  and, 
therefore,  worthy  of  further  investigation.   If  a  heterotrophic  plate  count  result  of  greater 
than  250  colonies  per  ml  were  found,  the  building  would  be  re-sampled  as  soon  as 
possible.   If  the  re-sample  showed  a  heterotrophic  plate  count  of  greater  than  250 
colonies  per  ml,  OCWA  would  be  notified.  OCWA  would  retain  a  qualified  plumber  to 


Ontario  Drinking  Water  Standards,  August  2000,  P.B.  #4065e,  p.  19,  Section  4.2.2(d) 

Appendix  E  2 


inspect  the  building's  water  distribution  system  and  repair  or  replace  components  to 
alleviate  any  problems.  The  building  would  be  re-sampled  following  the  plumbing 
inspection  and  would  continue  to  be  sampled  and  disinfected  until  the  water  quality  was 
determined  to  meet  the  criteria  of  this  program  showing  that  disinfection  had  been 
successful. 

Elevated  Background 

The  laboratory  (LRL)  would  report  if  the  background  bacteria  level  was  above  200 
counts  per  100  ml.  At  this  background  level,  the  laboratory  has  difficulty  in  identifying 
conforms.  If  this  were  the  case,  then  additional  samples  on  two  different  days  were 
taken  for  analysis.  If  the  analysis  was  returned  showing  E.  coli,  total  coliforms  or 
Heterotrophic  Plate  Counts  above  the  limits  described  above,  the  location  resulting  in 
the  elevated  background  was  treated  as  if  this  were  the  first  sample  taken  at  the  site. 
The  analyses  were  reviewed  against  the  E.  coli,  total  coliforms  and  heterotrophic  plate 
count  numbers  described  above  and  if  no  results  were  received  above  the  program 
criteria  the  water  was  considered  to  be  free  of  bacteria. 

Low  Chlorine  Analyses 

OCWA  was  maintaining  the  average  chlorine  residual  of  water  entering  the  distribution 
system  at  levels  greater  than  1 .5  mg/l.  If  the  free  chlorine  residual  at  the  tap  was  found 
to  be  below  1 .0  mg/l,  the  sampler  would  investigate  the  cause.  If  no  cisterns  or  wells 
were  present,  the  sampling  would  proceed. 

If  a  cistern  or  well  was  present  and  OCWA  staff  had  not  certified  its  separation  from  the 
municipal  system,  OCWA  would  be  notified  and  asked  to  investigate.  Once  any 
necessary  remedial  work  had  been  completed,  the  building  was  sampled. 


Sampling  at  Buildings  with  Water  Softeners,  Cisterns  or  Wells 

OCWA  Data  Base 

OCWA  developed  a  data  base  to  track  findings  throughout  the  swabbing  and  house  to 
house  disinfection  program.  The  location  of  cisterns  and  wells  is  one  part  of  the  data 
base. 

Water  Softeners  and  Sampling 

The  Walkerton  water  supply  system  draws  its  water  from  wells  which  are  located  within 
limestone  formations.  The  water  is  hard,  high  in  calcium  and  iron.  Therefore,  many 
houses  and  businesses  use  water  softeners.  Since  all  of  the  water  softeners  in 
Walkerton  were  either  new  or  newly  disinfected  as  part  of  the  disinfection  of  the 
distribution  system,  they  should  not  harbour  bacteria  and  therefore  should  not  affect  the 
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bacteriological  quality  of  the  water  passing  through  them.  Therefore,  where  it  was 
known  that  the  Walkerton  water  was  being  treated  by  a  water  softener  and  was  being 
delivered  to  the  kitchen  tap,  and  a  second  tap  by-passing  the  treatment  was  not 
present,  the  softened  water  was  sampled. 

Cisterns,  Disconnections  and  Sampling  Criteria 

Many  homes  and  businesses  used  cisterns  to  collect  rain  water  which,  by  its  nature,  is 
soft  water.  On  occasion,  the  plumbing  delivering  cistern  water  in  the  building  was 
directly  connected  to  the  Walkerton  water  supply  system.  The  power  of  the  pump  could 
cause  the  cistern  water  to  be  pumped  out  of  the  building  or  house  and  into  the 
distribution  system.  Since  the  cistern  water  could  be  contaminated  bacteriologically, 
this  could  potentially  have  an  adverse  impact  on  the  Walkerton  water  supply.  Operating 
cisterns  could  also  affect  the  quality  of  the  water  collected  at  kitchen  taps  or  drinking 
water  taps  in  homes  or  businesses. 

Therefore,  if  the  samplers  were  concerned  that  a  cistern  was  connected  to  the 
plumbing  in  a  manner  which  might  affect  the  quality  of  the  water  sample,  then  a  sample 
was  not  taken.  In  the  event  that  any  home  or  building  reported  by  the  samplers  as 
having  a  cistern  which  could  potentially  contaminate  the  Walkerton  water  supply, 
OCWA  would  investigate  and  take  appropriate  action.  The  action  involved  was  the 
separation  of  the  cistern  plumbing  from  any  plumbing  in  the  building  connected  to  the 
communal  supply,  or  the  decommissioning  of  the  cistern.  Only  after  assurance  was 
received  that  the  cistern  water  was  disconnected  from  the  water  supply  system  was  the 
sample  taken. 

The  Building-by-Building  Sampling  Program  included  the  completion  of  a  questionnaire 
at  each  property.  One  question  related  to  the  occupants'  knowledge  of  the  existence  of 
a  cistern  at  the  building.  (See  Appendix  E-1  ). 

If  the  occupant  responding  to  the  questionnaire  was  not  aware  of  the  existence  of  a 
cistern,  OCWA's  data  base  was  checked.  If  a  cistern  was  not  shown  on  the  data  base 
it  was  concluded  that  there  was  no  cistern. 

If  a  person  responded  that  a  cistern  existed  and  it  was  not  on  OCWA's  data  base,  the 
address  was  provided  to  OCWA.  The  address  was  added  to  OCWA's  data  base  and 
the  matter  was  referred  to  a  plumber  for  action.  The  action  might  be  an  inspection  to 
determine  if  a  cistern  exists,  or  if  a  cistern  was  connected  to  the  Walkerton  water 
supply.  All  cisterns  were  separated  from  the  plumbing  connected  to  the  municipal 
supply  to  ensure  that  there  were  no  cross  connections  with  the  Walkerton  water  supply. 
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Scheduling  the  Sampling  Program 

Establishing  Sampling  Numbers  for  Tracking 

The  Ontario  Property  Assessment  Corporation  (OPAC)  provided  the  data  base  which 
was  utilized  for  the  Buildlng-by-Building  Confirmation  Sampling  Program. 

A  sub  file  of  the  main  OPAC  file  was  created  with  the  specific  data  needed  for  the 
program.  It  consisted  of  a  roll  number  which  was  unique  to  a  location  and/or  personal 
name.  The  Prime  Subordinate  Number  denoted  the  property  owner  and/or  tenants,  a 
street  address,  and  a  property  use  code.  The  OPAC  data  base  listed  all  sub  units 
within  buildings  including  apartment  numbers,  rooming  house  numbers  and  unit 
numbers  within  commercial  and  industrial  properties.  With  this  sub  file  and  a  Walkerton 
planning  map  (scale  1:2000)  groups  of  addresses  were  put  together  into  a  schedule  for 
sample  teams. 

Scheduling  the  Collection  of  Samples  and  Data 

A  daily  schedule  of  thirty  locations  was  created  for  each  of  three  to  five  sampling  teams. 
The  daily  schedule  was  created  two  days  in  advance  of  the  scheduled  sampling  date. 
A  map  showing  street  and  building  numbers  corresponding  to  the  area  to  be  sampled 
was  colour  coded.  One  color  showed  the  buildings  to  be  sampled  in  the  morning  and  a 
second  colour,  the  buildings  to  be  sampled  in  the  afternoon.  Copies  of  the  map  and 
lists  of  addresses  to  be  sampled  were  given  to  the  Walkerton  Legion  Volunteers.  The 
Volunteers  also  received  colour-coded  notices.  The  Volunteers  visited  each  building  to 
be  sampled  and  advised  the  occupants  that  they  should  make  arrangements  to  allow 
the  samplers  entry  on  the  prescribed  date  and  time.  The  Volunteers  would  also  make 
note  of  any  access  issues  which  would  aid  the  samplers  in  gaining  entry. 

The  OCWA  Disinfection  Response  Centre  maintained  a  data  file  on  all  locations 
disinfected  in  Walkerton.  OCWA  would  search  the  data  files  on  the  day  prior  to  the 
sampling  teams  entering  an  area  and  give  the  samplers  a  copy  of  the  relevant  files. 
OCWA  also  collected  building  keys  from  occupants  who  would  not  be  home  at  the 
sampling  time  and  who  wished  to  ensure  access  to  their  buildings.  OCWA  staff  also 
added  to  their  data  file  any  notes  which  were  made  by  the  Legion  Volunteers  regarding 
access  issues.  Copies  of  these  entries  into  the  data  files  were  also  forwarded  to  MOE 
prior  to  the  time  of  sampling. 

In  addition  to  the  Volunteer  program,  the  Brockton  Buzz  and  the  local  Television  Cable 
Cast  announced  the  whereabouts  of  the  sample  teams. 

Sample  Submission 

Submission  forms  were  created  from  the  schedules  and  the  modified  OPAC  file  and 
distributed  to  the  sample  teams  each  day.  Electronic  copies  of  the  submission  files 
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were  sent  to  LRL  for  reporting  the  analytical  results.  The  submission  form  included 
columns  for  sampling  date,  time,  free  and  total  chlorine  residuals  and  results  of  total 
conforms,  E.  Coli  and  heterotrophic  plate  count  along  with  roll  number,  and  street 
address  (See  Appendix  E-2).  Scheduled  locations  were  marked  (colour-coded)  on  the 
master  map  which  included  a  building  address.    This  was  done  to  ensure  that  each 
building  on  the  Walkerton  water  supply  was  scheduled  for  sampling. 

When  sampling  staff  returned  to  the  field  office,  samples  were  counted  and  verified, 
and  the  sample  submission  sheets  were  reviewed  for  accuracy,  photocopied  and  sent 
to  the  laboratory  with  the  samples.  The  samples  were  placed  in  coolers  and  packed  in 
ice  for  transportation  to  LRL.  Chain  of  custody  procedures  were  followed  to  ensure 
sample  integrity  (see  Appendix  E-3). 

The  rationale  for  using  the  cistern  information  survey  in  conjunction  with  the  Building- 
by-Building  Sampling  Program  was  to  ensure  that  any  building  with  a  cistern  potentially 
cross  connected  to  the  Walkerton  water  supply  was  not  sampled.  Sampling  occurred 
once  OCWA  had  been  assured  by  a  plumber  that  a  cross  connection  did  not  exist. 


Data  Handling 

Program  Criteria 

Laboratory  results  were  sent  by  Lakefield  Laboratories  to  the  MOE  via  E-Mail.  These 
were  reviewed  for  exceedances  of  the  following  levels: 

Program  Criteria  ODWS 

Total  Conforms  (TC):  0  CFU/1 00  ml  0  CFU/1 00  ml 

E.  coli  (E.C.):  0  CFU/1 00  ml  0  CFU/1 00  ml 

Heterotrophic  Plate  Count  (HPC):  250  CFU/1  ml  500  CFU/1  ml 

Background  Count:  200  CFU/1 00  ml  200  CFU/1 00  ml 

Response  to  exceedances  of  Criteria 

If  any  result,  including  QA/QC  samples,  exceeded  a  program  criterion,  arrangements 
were  made  for  re-sampling. 

Data  Tracking  and  Exception  Files 

Laboratory  results  from  the  water  tested  for  each  building  were  plotted  on  a  map  of 
Walkerton.  The  map  showed  the  location  and  addresses  of  all  buildings.  Sites  with 
data  showing  that  the  water  quality  did  not  exceed  the  program  criteria  were  plotted  as 
blue  dots.  Where  a  criterion  for  total  coliform  and/or  E.  co// was  exceeded,  a  black  dot 
was  plotted.  Yellow  dots  illustrated  high  background  counts.  Locations  with 
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exceedances  were  marked  as  complete  only  after  two  consecutive  zero  results  were 
received  in  the  re-sampling. 

An  exception  file  was  created  for  each  premise  where  an  exceedance  of  this  program's 
criteria  occurred.  The  file  contained  the  lab  data,  a  map  of  the  area  showing  the 
building  location  in  relation  to  water  mains,  hydrants  and  valves,  the  questionnaire  for 
the  premise  and  a  copy  of  the  OCWA  data  base  for  the  property  if  it  existed.  The  file 
was  reviewed  prior  to  any  re-sampling.  The  information  could  have  been  useful  in 
providing  an  explanation  for  the  adverse  finding  such  as:  cistern  connected;  carbon 
filter  or  other  in  house  treatment  device;  construction  in  the  area;  water  main  sizing. 

Any  premises  for  which  an  exception  report  had  been  prepared  were  tracked  on  a 
weekly  summary  report.  The  report  included  the  address,  previous  exception  reports, 
the  analytical  results,  the  dates  of  all  re-sampling  and  the  results.  Once  potable  water 
was  verified  at  each  potable  water  tap  the  weekly  summaries  were  combined  into  one 
exception  file  summary.  The  exception  files  were  then  closed  and  the  information  on 
each  file  was  filed  with  other  background  data  by  street  name  and  number. 

Building/Sampling  Location  Anomalies 

The  addresses  and  descriptions  on  the  bottles  and  field  notes  were  scrutinized  and 
any  anomalies  were  brought  to  the  attention  of  the  samplers  for  clarification.  Examples 
of  these  anomalies  included  re-numbered  houses  or  apartments,  water  service 
disconnections,  private  water  supplies,  addresses  that  did  not  exist,  and  houses/units 
that  had  been  demolished  or  burned  down. 

Any  questions  on  sample  numbers  or  results  were  clarified  with  either  the  samplers  or 
the  laboratory  (LRL).  These  processes  ensured  that  every  sample  result  was  identified 
with  a  clear  address. 

The  data  compiled  from  each  sampling  team  was  entered  onto  a  floppy  disk  and  the 
field  sampling  crews  entered  the  field  data  for  "Sample  Date",  "Sample  Time",  "Total 
CL"  (Chlorine)  and  "Free  CL"  (Chlorine).  Any  further  clarification  of  street  addresses  or 
unit/business  names  were  made  by  the  field  crews  entering  the  data.  (See  Appendix  E- 
4  -  Protocol  for  Field  Data  Entry).  The  information  was  entered  on  an  Excel 
spreadsheet. 

The  sampling  discs  were  then  merged  into  one  Excel  spreadsheet  file  that  could  be 
sorted  for  ease  of  data  interpretation  and  verification  of  data  and  sampling. 

The  above  process  allowed  for  quick  identification  of  un-sampled  units  and  provided  a 
method  for  easy  clarification  of  street  address/identification  for  all  samples.   It  also 
facilitated  the  compilation  of  field  data  and  lab  results  with  a  minimum  potential  for  error 
normally  associated  with  a  program  of  this  size.  As  well,  the  field  data  were  merged 
with  the  lab  results  with  a  minimum  of  error  and  work. 
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Data  Review 

Total  Monitoring  Points  and  Results 

The  program  objective  of  sampling  all  buildings  in  Walkerton  which  used  the  municipal 
water  supply  to  provide  potable  water  was  achieved.  The  total  number  of  individual 
taps  that  were  sampled,  where  people  could  draw  potable  water  (usually  the  kitchen 
sink),  was  2298.  With  resampling  and  QA/QC  samples  the  total  number  of  samples 
taken  was  2,607.  Forty-three  samples  showed  an  adverse  result.  This  amounted  to  1.6 
%  of  the  total  samples  collected.  Appendix  E-5  presents  all  the  sampling  results  from 
the  Building-by-Building  Sampling  Program. 

E.  Co// 

The  analytical  results  for  water  from  one  house  showed  an  E.  coli  result  of  2  CFU/100 
ml.  This  sample  also  had  a  total  coliform  count  of  700  CFU/100  ml  and  the 
heterotrophic  plate  count  was  92  CFU/ml.  The  E.  coli  was  further  examined  and 
determined  not  to  be  0157:H7.  The  two  subsequent  re-samples  showed  E.  co//0,  total 
coliform  0  and  low  values  for  heterotrophic  plate  count  (<3  CFU/ml). 

Total  Coliform 

Thirty  of  the  total  samples  (1.15%)  showed  an  adverse  total  coliform  result.  No  total 
conforms  were  found  in  any  of  the  two  sets  of  re-samples  taken  at  each  location. 
Locations  where  positive  results  occurred  were  evenly  distributed.  However,  in  one 
area  of  Second  Street  there  were  four  positives  at  adjoining  houses.  One  house  had  a 
cross-connected  cistern  which  might  have  been  affecting  the  quality  of  the  communal 
water  in  the  vicinity.  The  cistern  has  since  been  disconnected  and  the  results  of  re- 
samples  at  the  four  houses  were  within  the  criteria. 

Heterotrophic  Plate  Counts 

Ten  samples  showed  results  of  heterotrophic  plate  counts  of  250  per  ml,  the 
conservative  number  chosen  as  a  criterion  for  this  program.  The  locations  were 
randomly  located  around  Walkerton,  mainly  on  larger  mains.  Two  sets  of  re-samples  at 
each  location  showed  no  elevated  bacteriological  levels. 

Background  Counts 

Samples  from  two  sites  had  background  levels  above  200  CFU/100ml.  Two  re-samples 
at  the  sites  confirmed  that  there  was  no  presence  of  bacteria. 

Chlorine  Residuals 

Free  chlorine  levels  measured  at  each  house  and  building  within  Walkerton  ranged 
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between  0  and  >  2.2  mg/l.  Only  forty-nine  of  the  2,594  measurements  of  free  chlorine 
were  below  1 .0  mg/l  and  twenty-three  were  below  0.5  mg/l.  Therefore,  adequate 
disinfection  levels  were  maintained  throughout  the  distribution  system  during  the 
sampling  period,  July  27'^  to  October  4'^ 


Summary  of  Results 

Tables  E1  summarizes  the  sampling  results: 

Table  E1:  Summary  of  Percentages  and  Numbers  of  Detections 


2607  Samples 

Total 
Conforms 

E.  coli 

H  PC 

(>250  CFU/ml) 

HPC 

(>500  CFU/ml) 

Background 

(>200CFU/ 100ml) 

Percent 
Positive 

1.15% 

0.04% 

0.38% 

0.15% 

0.08% 

Number 
Positive 

30 

1 

10 

4 

2 

Number  of 
Samples 

2607 

2607 

2607 

2607 

2607 

Locations  which  had  adverse  results  were  resampled  on  two  separate  occasions;  the 
resampling  indicated  no  adverse  results.  These  results  indicate  that  the  system  was 
delivering  water  which  met  the  bacteriological  requirements  of  the  ODWS. 


Questionnaires 

A  total  of  2,31 1  questionnaires  were  completed  by  occupants  of  units  (residences, 
apartment  units  and  commercial  buildings)  in  Walkerton.   Individual  questionnaires 
were  filed  by  street  name  and  number.   Appendix  E-6  is  a  summary  of  the  results  of  the 
questionnaires. 


Audit  of  the  Cisterns  and  Wells  Separation  Program 

The  purpose  of  this  audit  was  to  determine  if  the  cisterns  and  wells  identified  in  the 
OCWA  data  base  had  been  separated  from  the  Walkerton  water  supply  through  the 
disconnection  program  carried  out  by  plumbers.   If  this  was  the  case,  then  it  could  be 
concluded  that  any  identified  wells  and  cisterns  connected  to  the  Walkerton  water 
supply  at  the  time  of  the  outbreak  had  been  disconnected  and  no  longer  posed  a 
potential  contamination  threat  to  the  water  system. 
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Background 

A  number  of  the  homes  and  businesses  in  Walkerton  used  private  cisterns  and  wells  to 
collect  soft  water.  In  many  cases,  the  plumbing  from  the  cisterns  and  wells  was  cross- 
connected  within  the  building  with  the  plumbing  carrying  the  Walkerton  water  supply. 
The  pumps  used  on  these  cisterns  and  wells  were  often  capable  of  operating  at 
pressures  above  that  found  in  the  municipal  system  and  had  the  capability  of  forcing 
cistern  or  well  water  through  the  cross-connected  plumbing  and  potentially  out  into  the 
mains.  If  water  in  the  cistern  or  well  was  contaminated,  the  water  in  the  main  could 
become  contaminated.  This  contamination  could  then  be  distributed  through  the  main 
to  other  buildings. 

Information  Used  to  Conduct  the  Audit 

The  Ontario  Clean  Water  Agency  (OCWA)  developed  a  data  base  to  track  its 
disinfection  program  in  Walkerton.  The  data  base  included  information  on  the 
separation  of  the  cisterns  and  wells.  The  OCWA  data  base  was  generated  by  the 
disinfection  crews  and  licensed  plumbers  who  inspected  the  premises  during  the 
disinfection  process.  The  plumber's  reports  included  a  record  of  the  presence  of 
cisterns  and/or  wells  and  a  determination  if  they  were  cross  connected  within  the 
plumbing  of  the  municipal  supply.  The  data  base  developed  by  OCWA  was  the  focus 
of  the  cistern/well  audit  program. 

When  the  MOE  sampling  teams  conducted  the  Building-by-Building  Sampling  Program, 
they  asked  the  occupant  if  the  building  had  a  cistern  or  well.  This  information  was 
recorded  on  the  MOE  questionnaires.  This  was  used  to  test  the  OCWA  data  base  and 
ensure  accurate  and  precise  information  was  obtained  on  the  cisterns  and  wells.  In 
addition,  MOE  conducted  field  inspections  to  confirm  information  in  the  data  base  when 
it  appeared  uncertain. 

Scope  and  Findings  of  the  Cistern  Audit 

From  the  information  contained  in  the  questionnaires,  492  cisterns  were  reported  in 
Walkerton.   Plumbers  hired  by  OCWA  separated  or  confirmed  the  separation  of  474 
cisterns  from  the  communal  supply.  OCWA  also  determined  that  the  remainder  were 
not  connected  to  the  municipal  supply.  The  OCWA  data  indicated  that  every  cistern 
identified  during  their  disinfection  program  and  through  the  MOE  questionnaires  had 
been  separated  from  the  Walkerton  water  supply  or  were  abandoned. 

For  the  purposes  of  this  audit  it  was  decided  to  verify  the  information  on  the  separation 
of  cisterns  recorded  on  249  (53%)  of  the  474  questionnaires.  MOE  information  on 
these  questionnaires  selected  from  representative  areas  in  Walkerton  was  cross 
referenced  with  OCWA's  database.   Specific  actions  taken  during  the  audit  are 
summarized  in  Appendix  E-7.   In  summary,  OCWA  verified  that  474  cisterns  had  been 
disconnected.  Based  on  the  Ministry's  audit  of  53%  of  the  data,  the  Ministry  is  satisfied 
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that  OCWA's  information  is  accurate  and  complete. 

Scope  and  Findings  of  the  Well  Audit 

Because  a  pump  on  a  private  well  could  potentially  convey  a  large  volume  of 
contaminated  water  into  the  Walkerton  water  supply  if  cross  connected,  it  was  decided 
that  the  status  of  all  the  wells  would  be  audited.    The  questionnaire  and  the  OCWA 
data  base  showed  a  total  of  63  possible  wells.  The  results  of  the  audit  program  are 
presented  in  Table  E2: 

Table  E2:  Summary  of  Well  Audit 


Number  of  Premises  Reported  as  Possibly  Having  a  Well 

63 

Number  of  Wells  Separated  from  Municipal  Supply 

27 

Number  of  Premises  on  Private  Wells  only 

13 

Number  of  Premises  Investigated  and  Confirmed  to  Not  have  a  Well 

24 

Supporting  Documents: 

The  supporting  documents  used  for  the  preparation  of  the  above  audit  are  noted  below 
and  are  attached  in  Appendix  E-8  . 

MOE  Audit  Summary  on  Every  Premise  With  a  Reported  Well 

OCWA  Data  Base  Summary  of  Wells 

List  of  Premises  with  Wells  Disconnected  from  Municipal  Wells 

List  of  Premises  with  Private  Wells 

List  of  Premises  Investigated  and  Confirmed  there  was  No  Well. 

In  summary,  there  were  27  wells  at  one  time  cross-connected  with  the  municipal 
system  and  they  were  confirmed  to  have  been  disconnected  by  the  plumbers. 
Furthermore,  there  are  13  premises  using  private  wells  which  are  not  connected  to  the 
Walkerton  water  supply  system. 
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Questionnaire 


Questionnaire  -  System  Wide  Survey 


Date 

Sample  Number 

Person  You  Talked  To 

Is  he/she  the  occupant?  Yes      No 

Address 

Unit  Number 

Phone  Number  881- 

Total  Chlorine:                    mg/L 

Free  Chlorine: 

mg/L 

Circle  Yes  or  No 

1. 

Is  there  a  cistern? 

Yes 

No 

If  yes,  where  does  the  cistern  water  go  and  what  is  it 
used  for?  (i.e.  outside  taps  for  lawn  watering,  inside 
plumbing? 

2. 

Is  there  an  in-house  treatment  system?  (examples  are 
water  softener,  charcoal  filter,  reverse  osmosis) 

Yes 

No 

Is  the  treatment  system  connected  to  the  kitchen 
drinking  water  tap?    (keep  in  mind  that  it  could  be  out 
of  sight,  below  the  counter  for  example). 

Yes 

No 

3. 

Is  there  an  on-site  private  well? 

Yes 

No 

If  Yes,  is  the  well  connected  to  the  rest  of  your 
household  plumbing? 

Yes 

No 

4.  Are  there  any  other  outside  water  supply  systems  (from  a  stream  for  example) 
connected  to  your  in-house  water  system?     Explain: 

Comments: 

Sampler  Name: 
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Laboratory  Submission  Form 
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Appendix  E  -  3 


Chain  of  Custody  Form 


WALKERTON 

SAMPLE  SUBMISSIONS  TO  LAKEFIELD  LABS 

CHAIN  OF  CUSTODY 


Date 


Samples  prepared  by: 
Signature:_ 


Number  of  Samples: 


Carrier  Name: 


Number  of  Samples  Received: 
Signature: 


Time  of  Receipt: 


Receiver  for  Lakefield  Labs;  Name: 

Number  of  Samples: 

Date  and  Time  of  Receipt: 

Signature: 


Please  return  the  original  form  to  the  Sample  Coordinator  in  Walkerton. 
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Protocol  for  Field  Data  Entry 


PROTOCOL  FOR  FIELD  DATA  ENTRY 


Sample  results  were  sent  by  Lakefield  Laboratories  to  the  MOE  via  E-Mail.  These  were 
scanned  for  exceedences  of  the  following  levels: 

Total  Conform  (TC):  0  CPU  / 1 0OmL 

E.Coli.  (EC):  OCFU/IOOmL 

Heterotrophic  Plate  Count  (HPC):  250  CPU  /  mL 

Background  Count:  200CPU/100mL 

If  any  sample  was  above  any  of  the  limits,  it  was  identified  to  staff  who  arranged  for 
resampling. 

The  addresses  and  descriptions  were  scrutinized  and  any  anomolies  or  questions 
brought  to  the  attention  of  the  samplers  for  clarification.  Examples  are  renumbered 
houses  or  apartments,  water  service  disconnections,  no  municipal  water  supply, 
address  doesnot  exist,  house/unit  has  been  demolished,  etc. 

Any  questions  on  sample  numbers  or  results  were  clarified  with  either  the  samplers  or 
the  laboratory  (Lakefield). 

These  processes  ensured  that  every  sample  result  was  identified  with  a  clear  address. 
As  well  any  units  that  had  not  been  sampled  were  quickly  scheduled  for  sampling. 

The  data  for  each  team  was  entered  onto  a  floppy  disk  and  the  field  sampling  crews 
entered  the  field  data  for  "Sample  Date",  "Sample  Time",  "Total  CL"  (Chlorine)  and 
"Free  CL"  (Chlohne).  Any  further  clarification  of  street  addresses  or  unit/business 
names  were  made  by  the  field  crews  entering  the  data. 

The  above  process  allowed  for  quick  identification  of  unsampled  units  and  allowed  for 
the  easy  clarification  of  street  address/identification  for  all  samples.  As  well  the  field 
data  were  married  with  the  lab  results  with  a  minimum  of  error  and  work. 
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Bacteriological  Sample  Results 
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MOE  Well  Audit  Summary 

Listing  of  Wells  within  the  Serviced  Area  of  Walkerton 

Results  of  Well  Investigations 
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LISTING  OF  WELLS  WITHIN  THE  SERVICED  AREA  OF  WALKERTON 

Source:  OCWA  Database  -  06-Oct-2000  


NAME 

STREET  # 

STREET  NAME 

Unit# 

Serviced 

306 

Amelia  St 

Yes 

6 

Crawford  St 

Valve  Train  Industries  Ltd  (1st  Well) 

24 

Durham  St  E 

Yes 

Valve  Train  Industries  Ltd  (2nd  Well) 

24 

Durham  St  E 

Yes 

215 

Durham  St  E 

Yes 

16 

Durham  St  W 

109 

Durham  St  W 

Yes 

506 

Durham  St  W 

Yes 

9 

Fourth  St 

4 

George  St 

84 

Griffith  St 

Yes 

104 

Joseph  St 

Yes 

Energizer  Canada 

165 

Kincardine  Hv/y 

Yes 

201 

Kincardine  Hwy 

221 

Kincardine  Hwy 

497 

Maple  St 

Yes 

5 

Mary  St 

Yes 

401 

Mary  St 

Yes 

10 

McGivern  St 

55 

McGivern  St 

518 

McNab  St 

Yes 

520 

McNab  St 

Yes 

10 

Mullen  Dr 

401 

Prince  St 

Yes 

405 

Pnnce  St 

Yes 

59 

Ridout  St 

RR#3 

Fire  #  9 

County  of  Bruce,  Hwy  Yard  #506 

RR#4 

Yes 

RR#4 

Fire  #109 

Yes 

RR#4 

Fire  #  274 

Yes 

RR#4 

Fire  #  302 

Yes 

416 

Scott  St 

Yes 

340 

South  St 

11 

Yonge  St  N 

Yes 

31 

Yonge  St  N 

Yes 

105 

Yonge  St  N 

A 

120 

Yonge  St  N 

Yes 

35-37 

Yonge  St  N 

Yes 

1315 

Yonge  St  S 

Main  Floor 

Results  of  Well  Investigations 
Premises  on  Private  well  supply 


1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 

12. 

13. 


6  Crawford  Street 

506  Durham  Street  West 

9  Fourth  Street 
4  George  Street  East 
Kincardine  Hwy  Fire  #9 
Kincardine  Hwy  Fire  #201 
Kincardine  Hwy  Fire  #221 
10  McGivern  Street 
520  McNabb  Street 

10  Mullin  Drive 
59  Ridout  Street 
340  South  Street 

1 1  Yonge  Street  North 


Premises  investigated  and 
confirmed  to  Have  No  Well 

-1  108  Archy  Street 

2,  6  Campbell  Street 

3  5  Cedar  Crt. 

A  352  Durham  Street  East 

5  201  Durham  Street  West 

6  575  Durham  Street  West 

7  217  Elgin  Street 

8  222  Gibson  Street 
g'  88  Griffith  Street 

10.  312  Jackson  Street  South 

11.  7  Johnston  Blvd. 

12.  6  Joseph  Street 

13.  8  Joseph  Street 

14  503  Mary  Street 

15  416  McNabb  Street 

16  516  McNabb  Street 

17'  104  Napier  Street  West 

18  109  Prince  Street 

19  321  South  Street 

20  25  Valleyside  Drive 

21  20  Victona  Street  South 

22  505  Victoria  Street  South 

23.  128  William  Street 

24.  10  Yonge  Street 


1. 
2. 
3. 
4. 
5. 
6. 


Premises  With  Wells  Disconnected 
from  Municipal  System 

306  Amelia/306  Maple  Street 
Bruce  Road,  Fire  #94 
Bruce  Road,  Fire  #109 
Bruce  Road,  Fire  #274 

Rnire  Road,  Fire  #302 

2^  Durham  Street  East  (104  Catherine 

Street) 
7.  2lDl1m  Street  East  (104  Catherine 

Street) 
-  2nd  Well 
8  213/21 5  Durham  Street  East 

g'  16  Durham  Street  West 

10  109  Durham  Street  West 

1l'         84  Griffith  Street 

12  104  Joseph  Street 

13  Kincardine  Hwy,  Fire  #165 

14  497  Maple  Street 
15.         5  Mary  Street 
15'         401  Mary  Street 
17'         518  McNabb  Street 

18  55  McGivern  Street 

19  401  Prince  Street 

20  405  Prince  Street 

21  416  Scott  Street 

22  31  Yonge  Street 

23  35/37  Yonge  Street 

24  105  Yonge  Street 

25  120  Yonge  Street 

26  1315  Yonge  Street  South 
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Appendix  F  -  MOE's  Post-Restoration  Sampling  Program 


Post  Restoration  Sampling  Program 


Conclusions 

The  survey  found  that  there  was  no  Impact  on  the  water  supply  as  a  result  of  the  main 
replacement  program. 

This  water  meets  all  bacteriological  parameters  defined  in  the  Ontario  Drinking  Water 
Standards  and  is  considered  safe  for  drinking  water  purposes. 

Purpose 

A  water  sampling  survey  was  conducted  in  the  Town  of  Walkerton  on  Monday, 
October  2,  2000.  The  purpose  of  the  survey  was  to  establish  the  bacteriological  quality 
of  the  water  being  supplied  to  buildings  throughout  the  Town  following  the  summer 
restoration  program.  This  survey  included  taking  samples  at  locations  where  the  four 
inch  mains  had  been  replaced.  It  also  included  the  results  of  samples  taken  at  twenty- 
three  locations  between  September  5"^  and  October  1^'.  In  addition,  on  September  12, 
the  twenty-three  locations  were  sampled  for  Campylobacter  and  Salmonella. 

Sampling  Program 

On  October  2"'^,  samplers  conducted  total  chlorine  residual  and  free  chlorine  residual 
analyses  and  took  a  water  sample  for  bacteriological  analysis  at  each  location.  Where 
possible,  the  samples  were  collected  from  a  tap  normally  used  to  supply  premises  with 
potable  water,  mainly  the  kitchen  sink.  Samplers  noted  the  presence  of  any  in-house 
treatment  system.  At  one  house,  two  samples  were  taken.  One  sample  was  of  water 
which  had  passed  through  a  recently  disinfected  water  softener.  The  second  was  of 
water  which  had  been  filtered  through  a  carbon  filter.  A  softened  water  sample  was 
taken  at  one  other  house. 

A  total  of  48  samples  were  taken,  including  one  raw  and  one  treated  sample  from 
Well  #7,  the  only  operating  well  at  the  time  of  the  survey.   Forty-six  additional  sites  were 
chosen  for  sampling.  They  were  selected  for  the  reasons  described  in  Appendix  F-1 
and  reflected  in  at  least  one  of  the  following: 

located  near  possible  sensitive  receptors;  (hospital,  senior  citizen  homes,  public 

schools,  etc). 

adverse  results  detected  previously; 

water  main  dead  ends; 

areas  of  old  mains  which  may  be  prone  to  breakage; 

areas  where  mains  have  been  replaced; 

areas  of  low  free  chlorine  measurements  determined  from  previous  surveys. 
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In  addition  to  the  48  regular  samples,  six  were  taken  for  audit  purposes  and  were  sent 
to  the  MOE  Laboratory  for  Analyses. 

Between  September  5'^  and  October  1^',  daily  sampling  by  Ministry  staff  occurred  at  the 
twenty-one  stations  sampled  daily  by  OCWA  staff.  Daily  samples  were  also  collected 
of  the  raw  and  treated  water  at  Well  7.  A  total  of  621  samples  were  collected. 

On  one  day,  September  12'^ ,  additional  samples  were  taken  at  each  of  the  twenty- 
three  sites  noted  above  for  Campylobacter  and  Salmonella. 

Results 

Samples  were  analyzed  for  total  coliform,  Escherichia  coliform  (E.  co//)and 
heterotrophic  plate  count  (HPC)  using  membrane  filtration  by  Lakefield  Research 
Laboratories,  an  accredited  Lab.  The  analysis  did  not  show  the  presence  of  any  E.  coli 
or  total  conforms.  The  highest  HPC  was  35  CFU/ml.  See  Appendix  F-2.  The  six 
samples  taken  for  audit  purposes  also  showed  no  adverse  results.  See  Appendix  F-3. 
See  Appendix  G-1  for  the  results  of  the  September  5""  to  October  1^'  data. 

Campylobacter  and  Salmonella  were  analyzed  by  the  Ministry  of  Health  and  Long  Term 
Care  Laboratory.  All  samples  at  the  twenty-three  sites  were  free  of  these  organisms. 
The  results  are  summarized  in  Appendix  F-2. 
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Appendix  F-1 


Reason  for  Choosing  Sample  Locations 
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Data  for  the  Post  Restoration  Sampling  Program 
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Examination  Into  Events 

of  August  27-28  Coliform  and  September  2-3  E.  coli 

IVIonltoring  Results 


Examination  into  the  Events  of  the  August  27-28  and 
September  2-3,  2000  Monitoring  Results 

Background 

OCWA's  monitoring  program,  carried  out  between  June  and  October,  2000  monitored 
twenty-one  separate  points  located  throughout  the  distribution  system  on  a  daily  basis.  In 
addition,  daily  samples  of  the  raw  and  treated  water  were  collected  at  each  of  the  production 
wells. 

From  the  end  of  the  swabbing  program  in  mid-July,  until  early  August,  there  were  no 
adverse  Total  Coliform  sample  results.  Starting  in  the  second  week  of  August,  a  number  of 
low-level,  sporadic  sample  results  were  reported.  This  trend  culminated  on  the  weekend  of 
August  27,  2000,  when  almost  half  of  the  distribution  system  samples  tested  positive  for 
Total  Conforms.  During  this  time,  the  free  chlorine  residual  in  the  distribution  system  ranged 
between  1.0  and  2.2  mg/L. 


II         1           II 

II  111  1    JLi 

.ii 

Figure  G1    Number  of  Adverse  Total  Coliform  Results  in  OCWA's  Distribution 
Monitoring  Samples,  July  10  -  September  9,  2000 


OCWA.  which  had  been  maintaining  the  free  chlorine  residual  in  the  distribution  system  at 
an  average  level  of  greater  than  1 .5  mg/L,  had  begun  to  lower  the  chlorine  dosage  at  the 
wells  on  August  24,  2000.   Their  intent  was  to  reduce  the  dosage  to  more  normal  levels  by 
reducing  the  average  free  chlorine  residual  in  the  distribution  system  by  0.5  mg/L  on  a 
weekly  basis 

August  27-28 

On  Sunday,  August  27"  2000.  ten  of  OCWA's  21  routine  samples  had  elevated  levels  of 
total  conforms.  Three  of  these  samples  were  reported  at  >80  CFU  /100  ml  which  meant  that 
there  were  too  many  coliforms  on  the  filter  medium  to  properly  enumerate. 
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The  following  day,  eight  of  the  samples  had  adverse  results  for  total  coliform.  The  highes; 
result  in  the  distribution  system,  758  CFU  /100  ml,  was  found  at  the  point  closest  to  the 
wells.   In  addition,  the  raw  water  sample  taken  at  Well  6  had  a  total  coliform  count  of  983 
CFU /100  ml. 

On  August  29,  2000,  when  the  first  bacteriological  results  were  available,  OCWA  removec 
Well  6  from  service  as  a  precautionary  measure.  The  chlorine  dosage  was  increased  at 
Well  7  and  the  total  coliform  results  in  the  distribution  system  returned  to  their  previous 
levels. 

September  2-3 

On  September  2,  2000  two  of  OCWA's  distribution  samples  had  detectable  coliforms.  In 
addition,  one  sample  had  both  total  coliforms  (4  CFU  / 100  ml)  and  E.  co//(4  CFU  /100  ml 

Similar  results  were  obtained  on  September  3,  2000  when  three  distribution  system  samp 
results  had  adverse  total  coliform  reports  (<20  CFU  /100  ml)  and  a  different  location  from 
the  previous  day  had  an  E.  coli  result  of  2  CFU  /1 00  ml. 

GAP  EnviroMicrobial  Services,  OCWA's  microbiological  consultants,  conducted  further 
testing  of  the  samples.  They  found  the  coliform  bacteria  to  be  comprised  of  Klebsiella 
pneumoniae,  K.  mobilis  and  K.  oxytoca.  The  E.  coli  were  determined  to  be  non-pathogeni 

Between  September  5  and  October  31,  2000,  no  further  E.  coli  were  detected  in  any 
samples.   Ninety-nine  percent  of  all  tests  (of  1 168  distribution  system  tests)  have  not 
detected  any  total  coliforms  and  the  highest  total  coliform  result  obtained  was  6  CFU  /I GO 
ml. 


Ministry  Assessment 

An  examination  into  the  adverse  sample  results  was  undertaken  by  the  Ministry.  Several 
factors  were  considered  in  an  effort  to  explain  the  sudden  change.  These  included: 

a  significant  rainfall,  duhng  the  evening  of  August  26,  2000  that  may  have  carried 
contaminated  surface  water  into  one  or  more  of  the  wells; 

watermain  replacement  construction  activities  that  may  have  dislodged  biofilm;  an( 
sampling  error. 


Contaminated  Surface  Water 

On  the  night  of  August  26,  2000,  the  area  experienced  a  significant  rainfall  (-36  mm).  W( 
there  was  no  indication  of  flooding  at  either  Well  6  or  7,  it  is  possible  that  surface  water 
runoff  contaminated  one  or  both  of  the  wells.   Colder  identified  potential  surface  water 
access  routes  at  both  Wells  6  and  7  in  their  hydrogeological  reports.  At  Well  6,  there  wer 
several  unexplained  holes  in  the  well  casing.   In  addition,  the  nearby  test  wells  were 
considered  to  be  possible  contaminant  conduits,  although  their  construction  precluded  a 
detailed  assessment.  At  Well  7,  there  was  an  apparent  well  casing  discontinuity  near  the 
surface  and  a  poorly  grouted  test  well  nearby. 
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At  that  point  in  time,  GAP  EnviroMicrobial  Services  (OCWA's  microbiological  consultants) 
had  reported  the  presence  of  aerobic  spores,  a  surface  water  indicator  in  Well  6.  No 
aerobic  spores  had  been  found  in  Well  7.  As  a  precaution,  OCWA  removed  Well  6  from 
service  on  August  29,  2000,  when  they  received  the  initial  bacteriological  reports. 

The  frequency  of  adverse  Total  Coliforms  results  dropped  from  7.1%  with  Well  6  in  sen/ice 
to  2.3%  once  it  was  removed.  The  data  are  shown  in  the  following  table. 


Table  G1  :    Summary  of  Adverse  Total  Coliform  Test  Results  for  Selected  Time 
Periods  relating  to  OCWA's  Restoration  Activities 


Time  Period 
(2000) 

No.  of 
Samples 

No.  of  Adverse 

Total  Coliform 

Samples 

Frequency  of 
Adverse 

Total  Coliform 
Samples 

June  11  -July  10 
(Water  main  swabbing) 

603 

66 

11% 

July  1 1  -  August  29 
(Wells  6  &  7  operating) 

1032 

73 

7.1% 

Aug.  30  -  Sept.  25 
(Well  7  operating) 

565 

13 

2.3% 

A  review  of  OCWA's  continuous  monitoring  data  showed  no  evidence  of  either  a  loss  in 
chlorination  or  the  entry  of  a  significant  amount  of  turbid  water.  Turbid  water  associated  with 
the  entry  of  surface  water  might  have  contained  sufficient  organic  or  particulate  matter  to 
shield  the  bacteria  from  the  effects  of  chlorination. 

GAP  identified  the  total  coliforms  during  the  event  as  Klebsiella,  a  genus  of  bacteria  that  has 
the  ability  to  encapsulate  to  protect  itself  from  adverse  environmental  conditions.   If  the 
Klebsiella  were  carried  into  Well  6  by  surface  water  contamination,  encapsulation  may  have 
interfered  with  the  disinfection  process. 

An  attempt  was  made  to  correlate  the  rainfall  events  between  June  and  August  with  the 
levels  of  total  coliforms  in  both  the  distribution  system  and  the  raw  water  supplies.  No  overall 
correlation  could  be  found.  A  further  comparison  was  conducted  between  two  specific 
rainfall  events  -  July  15,  2000  and  August  26,  2000.  On  both  of  these  dates,  significant 
rainfall  occurred  in  the  vicinity  of  Wells  6  and  7.   No  significant  increase  in  positive  total 
coliforms  results  were  observed  in  the  distribution  system  samples  collected  after  the  July 
15  rainfall.  However,  a  large  number  of  positive  total  coliforms  results  were  detected 
throughout  the  distribution  system  for  two  days  after  the  August  26"'  rainfall  event. 

As  part  of  MOE's  assessment  of  these  events,  the  percentage  contribution  of  each  of  Wells 
6  and  7  to  the  distribution  system  water  supply  during  each  of  these  rainfall  events  was 
determined.  On  July  15  and  16,  less  than  8  percent  of  the  water  supply  came  from  Well  6, 
while  more  than  92  percent  came  from  Well  7.   Between  August  26  and  28,  more  than  50 
percent  of  the  total  water  supply  came  from  Well  6. 
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Construction  Activities 

Disturbance  of  the  un-swabbed  100  mm  watermains  was  also  considered  as  a  potential 
factor.  Vibrations  caused  by  the  excavation  and  placement  of  the  new  watermains  may 
have  dislodged  biofilm  material  and  sediments  leading  to  the  positive  total  conforms  results. 
On  August  16,  2000,  contractors  began  replacing  five  kilometres  of  watermains 
(approximately  12%  of  the  distribution  system).  However,  there  was  no  construction  activity 
on  either  of  the  two  weekends  when  the  adverse  results  were  obtained. 

Sampling  Error 

The  possibility  of  sampling  error  was  also  assessed.  According  to  OCWA  operations  staff, 
there  had  been  no  changes  in  sampling  methodology  or  personnel  between  August  25  and 
August  28,  2000.  The  sample  submission  procedures  and  laboratory  were  consistent.  The 
Ministry  obtained  three  unopened  sample  bottles  from  the  remainder  of  the  lot  used  by 
OCWA  on  August  27  and  28,  2000.  Analysis  at  the  Ministry's  laboratory  showed  that  one  of 
the  three  bottles  was  contaminated  with  total  coliforms  at  a  level  of  >150  CFU  /100  ml. 
Another  bottle  also  exhibited  bacterial  contamination  (i.e.,  the  bottle  was  not  sterile  as 
required)  but  did  not  show  the  presence  of  total  coliform  organisms. 

It  was  reported  that  the  sampling  bottles  used  to  collect  the  OCWA  samples  on  August  27 
and  28,  2000,  may  have  been  rained  upon  during  transportation  to  Walkerton.  This  could 
have  contributed  to  the  observed  contamination. 


Conclusions 

The  assessment  could  not  determine  which,  if  any,  of  these  factors  resulted  in  the  August 
event.   It  is  unlikely  that  a  disruption  of  the  biofilm  due  to  construction  activities  contributed 
significantly  to  the  event.  This  conclusion  is  based  primarily  on  the  observation  that  ongoing 
construction  activities,  both  preceding  and  following  the  event,  did  not  cause  a  significant 
increase  in  the  number  of  positive  total  coliforms  tests.   Furthermore,  construction  activities 
were  minimal  on  August  26  and  27. 

With  respect  to  the  contribution  of  the  rainfall  event,  it  appears  that  Well  6  was  impacted  by 
contaminated  surface  water  and  contributed  to  the  number  of  positive  results.   Elevated  total 
coliforms  levels  were  detected  in  the  raw  water  sample  taken  at  Well  6  on  August  28,  2000. 
In  addition,  elevated  levels  of  TAS,  indicative  of  potential  surface  water  contamination,  were 
also  detected  in  this  sample. 

It  is  possible  that  contaminated  sample  bottles  contributed  to  the  positive  total  coliforms 
results  on  August  27  and  28,  2000.   However,  there  is  no  way  to  estimate  the  extent  of  that 
contamination  with  the  information  at  hand. 

It  is  possible  that  some  or  all  of  the  three  factors  contributed  to  the  results.   However,  it 
appears  that  the  entry  of  the  total  coliforms  bacteria  into  Well  6  following  the 
August  26,  2000  rainfall  event  was  a  contributing  factor  to  the  high  total  coliforms  results 
observed  throughout  most  of  the  distribution  system. 
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Appendix  H  -  MOE's  Filtration  System  Sampling  Program 


Appendix  H-1 

Bacteriological  Results  for  Water  Treatment  Plant 
October  26  and  27,  2000 


WALKERTON:  MOE  FILTRATION  SYSTEM  SAMPLING  PROGRAM 

Analytical  Data  from  MOE  Toronto  Laboratones 

Sample 
Location 

Sample 
Time 

Field 

Turtiidity 

(NTUI 

Field 
pH 

Field 
Temp 
("C) 

Total 

CL 
(mg/L) 

Free 

CL 

(mg/L) 

TC 
CFU 
/100ml 

EC 
CFU 
/100ml 

HPC 
CFU 
/ml 

72  hours 

Well  7,  October  26,  2000 

Filter  Reiect 

15  00 

0 

0 

<  10 

no  acid  or  qas  (72  firs) 

Filter  Reiect 

15:00 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Filter  Reiect 

15:07 

0 

0 

<   10 

no  aad  or  qas  (72  hrs) 

Filter  Reiect 

15:07 

0 

0 

<   10 

no  aad  or  qas  (72  hrs) 

Filter  Reiect 

15:18 

0 

0 

<   10 

no  aad  or  qas  (72  hrs) 

Filter  Reiect 

15  18 

0 

0 

<   10 

no  aad  or  qas  (72  hrs) 

Filter  Reject 

15:25 

0 

0 

<   10 

no  aad  or  qas  (72  hrs) 

Filter  Reiect 

15,25 

0 

0 

<  10 

no  aad  or  qas  (72  hrs) 

Filter  Reiect 

1545 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Filter  Reiect 

15  45 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Filter  Reiect 

1558 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Filter  Reiect 

15:58 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Filter  Reiect 

16  10 

0 

0 

10 

no  acid  or  qas  (72  hrs) 

Filter  Reiect 

16  10 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Filter  Reiect 

16  25 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Filter  Reiect 

16  25 

0 

0 

<  10 

no  aad  or  qas  (72  hrs) 

Filter  Reiect 

16  34 

8  30 

7  00 

1  51 

1  43 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Filter  Reiect 

16  34 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

14  20 

0  05 

8  00 

7  00 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

14  20 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

14  55 

0  05 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

14  55 

0 

0 

10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

15  05 

0  05 

0 

0 

10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

15  05 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

15  24 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

15  24 

0 

0 

<  10 

no  aad  or  qas  (72  hrs) 

Post  Filtration 

15  36 

0  06 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

15  38 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

15  56 

0  05 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

15  56 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

16  07 

0  05 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

16  07 

0 

0 

c     10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

16  21 

0  05 

0 

0 

10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

16  21 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

16  40 

0  05 

7  80 

7  50 

0 

0 

<   10 

no  aad  or  qas  (72  hrs) 

Post  Filtration 

16  40 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Treated  Water 

14  52 

8  00 

8  50 

1  82 

1  62 

0 

0 

<   10 

no  aad  or  qas  (72  hrs) 

Treated  Water 

14  52 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Treated  Water 

14  57 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

[WALKERTON:  MOE  FILTRATION  SYSTEM  SAMPLING  PROGRAM 

Analytical  Data  from  MOE  Toronto  Laboratories 

Sample 
Location 

Sample 
Time 

Field 

Turbidity 

(NTU) 

Field 
PH 

Field 
Temp 

("CI 

Total 

CL 
(mg/L) 

Free 
CL 

Img/L) 

TC 
CFU 
/100ml 

EC 
CFU 
/100ml 

H  PC 
CFU 
/ml 

P-A  Broth 
72  hours 

Treated  Water 

14  57 

0 

0 

10 

no  acid  or  gas  (72  hrs) 

Treated  Water 

15  10 

1  64 

1  55 

0 

0 

<  10 

no  aad  or  qas  (72  hrs) 

Treated  Water 

15:10 

0 

0 

<  10 

no  aad  or  gas  {72  hrs) 

Treated  Water 

15:32 

1  69 

1.48 

0 

0 

<  10 

no  acid  or  gas  (72  hrs) 

Treated  Water 

15:32 

0 

0 

<  10 

no  aad  or  qas  (72  hrs) 

Treated  Water 

1547 

1.78 

1  65 

0 

0 

<  10 

no  add  or  qas  (72  hrs) 

Treated  Water 

15:47 

0 

0 

<  10 

no  aad  or  gas  (72  hrs) 

Treated  Water 

16:00 

1  66 

1  46 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Treated  Water 

16:00 

0 

0 

<  10 

no  aad  or  gas  (72  hrs) 

Treated  Water 

16  11 

1  88 

1.76 

0 

0 

<  10 

no  aad  or  qas  (72  hrs) 

Treated  Water 

16:11 

0 

0 

<  10 

no  aad  or  qas  (72  hrs) 

Treated  Water 

16  21 

1  7 

1  55 

0 

0 

<   10 

no  aad  or  qas  (72  hrs) 

Treated  Water 

16:21 

0 

0 

10 

no  aad  or  qas  (72  hrs) 

Treated  Water 

1641 

7  90 

8  00 

1  7 

1  68 

0 

0 

<  10 

no  aad  or  gas  (72  hrs) 

Treated  Water 

1641 

0 

0 

<  10 

no  aad  or  gas  (72  hrs) 

Well  7  Raw 

14:05 

0  04 

7.40 

7,00 

0 

0 

<  10 

TC  Confirmed 

Well  7  Raw 

14:05 

0 

0 

<   10 

TC  Confirmed 

Well  7  Raw 

14  45 

0  04 

0 

0 

<  10 

TC  Confirmed 

Well  7  Raw 

1445 

1 

0 

<  10 

no  aad  or  qas  (72  hrs) 

Well  7  Raw 

1500 

1 

0 

<  10 

TC  Confinned 

Well  7  Raw 

1500 

0 

0 

<  10 

TC  Confirmed 

Well  7  Raw 

15  22 

0 

0 

<  10 

no  aad  or  qas  (72  hrs) 

Well  7  Raw 

1522 

0 

0 

10 

no  add  or  qas  (72  hrs) 

Well  7  Raw 

15  35 

0 

0 

<   10 

no  aad  or  qas  (72  hrs) 

Well  7  Raw 

15  35 

0 

0 

10 

TC  Confirmed 

Well  7  Raw 

1555 

0  04 

1 

0 

<  10 

TC  Confirmed 

Well  7  Raw 

1555 

1 

0 

<  10 

TC  Confirmed 

Well  7  Raw 

16  05 

0  04 

0 

0 

<  10 

no  aad  or  gas  (72  hrs) 

Well  7  Raw 

16  05 

0 

0 

10 

no  acid  or  qas  (72  hrs) 

Well  7  Raw 

1620 

004 

1 

0 

<   10 

TC  Confirmed 

Well  7  Raw 

1620 

1 

0 

10 

no  aad  or  gas  (72  hrs) 

Well  7  Raw 

16  35 

0  04 

7  30 

6  90 

0 

0 

<   10 

TC  Confirmed 

Well  7  Raw 

16  35 

1 

0 

<   10 

TC  Confirmed 
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WALKERTON:  MOE  FILTRATION  SYSTEM  SAMPLING  PROGRAM 

Analytical  Data  from  MOE  Toronto  Laboratories 

Sample 
Location 

Sample 
Time 

Field 

Turbidity 

(NTU) 

Field 
PH 

Field 
Temp 

Total 
CL 

lmg/L| 

Free 
CL 

(mg/L) 

TC 
CFU 
/100ml 

EC 
CFU 
/100ml 

H  PC 
CFU 

/ml 

72  hour» 

Well  6,  October  27.  2000 

Filter  Reiect 

13  42 

14  40 

820 

900 

12 

0 

20 

TC  Confirmed 

Filter  Reiect 

13:42 

7 

0 

170 

TC  Confirmed 

Filter  Reject 

14:05 

18 

0 

10 

TC  Confirmed 

Filter  Reiect 

1405 

11 

0 

<  10 

TC  Confirmed 

Filter  Reiect 

14  13 

17  00 

003 

001 

11 

0 

<  10 

TC  Confirmed 

Filter  Reject 

14  13 

10 

0 

60 

TC  Confirmed 

Filter  Reiect 

14  31 

16 

0 

10 

TC  Confirmed 

Filler  Reiect 

14  31 

18 

0 

30 

TC  Confirmed 

Filter  Reiect 

1443 

16  90 

8  30 

9  00 

8 

0 

10 

TC  Confirmed 

Filter  Reiect 

1443 

15 

0 

<  10 

TC  Confirmed 

Filter  Reiect 

14  53 

18  40 

8  30 

9,50 

004 

0,03 

11 

0 

20 

TC  Confirmed 

Filter  Reiect 

14  53 

15 

0 

50 

TC  Confirmed 

Filter  Reiect 

15  20 

20  60 

8  30 

950 

004 

004 

18 

0 

20 

TC  Confirmed 

Filter  Reiect 

15  20 

16 

0 

40 

TC  Confirmed 

Filter  Reject 

15  42 

20  60 

8  30 

9  50 

15 

0 

80 

TC  Confirmed 

Filter  Reiect 

15  42 

6 

0 

40 

TC  Confirmed 

Filter  Reiect 

16  00 

21,20 

8  30 

9  50 

0  01 

0 

16 

0 

90 

TC  Confirmed 

Filter  Reiect 

16  00 

10 

0 

10 

TC  Confirmed 

Post  Filtration 

13  30 

0  08 

8  00 

8  00 

0 

0 

<  10 

no  acid  or  aas  (72  hrs) 

Post  Filtration 

13  30 

0 

0 

<  10 

no  acid  or  qas  (72  tirs) 

Post  Filtration 

14  03 

0 

0 

<  10 

no  add  or  qas  (72  hrs) 

Post  Filtration 

14  03 

0 

0 

<   10 

no  acid  or  qas  (72  tirs) 

Post  Filtration 

14  10 

0  05 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

14  10 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

14  27 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

1427 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

14  40 

0  05 

0 

0 

10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

14  40 

0 

0 

<   10 

no  aad  or  qas  (72  hrs) 

Post  Filtration 

14  55 

0  05 

8  10 

8  00 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

14  55 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

15  21 

0  05 

8  20 

8  50 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

1521 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

15  40 

0  05 

8  10 

8  00 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

15  40 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

16  04 

0  05 

8  20 

8  90 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Post  Filtration 

16  04 

0 

0 

<   10 

no  aad  or  qas  (72  hrs) 

Treated  Water 

13  52 

0  15 

0  07 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

13:52 

013 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Treated  Water 

14  04 

9  00 

0  1 

0  06 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

WALKERTON:  MOE  FILTRATION  SYSTEM  SAMPLING  PROGRAM 

Analytical  Data  from  MOE  Toronto  Laboratories 

Sample 
Location 

Sample 
Time 

Field 

Turbidity 

(NTU) 

Field 
pH 

Field 
Temp 

rc) 

Total 

CL 

(ma/L) 

Free 

CL 

(mg/L) 

TC 
CFU 
/100ml 

EC 
CFU 
/100ml 

H  PC 
CFU 

/ml 

P-A  Broth 
72  hours 

Treated  Water 

1404 

0 

0 

<  10 

no  aad  or  qas  (72  hrs) 

Treated  Water 

14  16 

0 

0 

<  10 

no  add  or  qas  (72  hrs) 

Treated  Water 

14  16 

0 

0 

30 

no  acid  or  qas  (72  hrs) 

Treated  Water 

1431 

8.20 

9.50 

0.05 

0.04 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Treated  Water 

1431 

0 

0 

<  10 

no  aad  or  qas  (72  hrs) 

Treated  Water 

14  45 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Treated  Water 

14  45 

0 

0 

<  10 

no  aad  or  qas  (72  hrs) 

Treated  Water 

14  57 

0  06 

0.06 

0 

0 

1000 

no  aad  or  qas  (72  hrs) 

Treated  Water 

1457 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Treated  Water 

1520 

8  20 

950 

0,05 

0,03 

0 

0 

<  10 

no  add  or  qas  (72  hrs) 

Treated  Water 

1520 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Treated  Water 

15:41 

8  20 

9  50 

004 

002 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Treated  Water 

15  41 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Treated  Water 

16,03 

016 

820 

9.50 

002 

001 

0 

0 

<  10 

no  acid  or  qas  (72  hrs) 

Treated  Water 

16:03 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Well  6  Raw 

1325 

1  05 

7  10 

9  00 

9 

0 

20 

TC  Confirmed 

Well  6  Raw 

13  25 

7 

0 

10 

TC  Confirmed 

Well  6  Raw 

13  40 

0  70 

7  20 

9  00 

23 

0 

20 

TC  Confirmed 

Well  6  Raw 

1340 

12 

0 

10 

TC  Confinned 

Well  6  Raw 

14  00 

0  66 

7  30 

9  00 

8 

0 

<  10 

TC  Confirmed 

Well  6  Raw 

14  00 

9 

0 

170 

TC  Confirmed 

Well  6  Raw 

14  25 

2  15 

7  50 

9  00 

8 

0 

10 

TC  Confirmed 

Well  6  Raw 

14  25 

10 

0 

<  10 

TC  Confinned 

Well  6  Raw 

14  40 

1  01 

7  50 

9  00 

5 

0 

20 

TC  Confirmed 

Well  6  Raw 

14  40 

3 

0 

<  10 

TC  Confirmed 

Well  6  Raw 

15  00 

0  99 

7  60 

9  00 

7 

0 

10 

TC  Confirmed 

Well  6  Raw 

15  00 

4 

0 

<   10 

TC  Confirmed 

Well  6  Raw 

15  20 

1  02 

7  60 

9  00 

3 

0 

20 

TC  Confirmed 

Well  6  Raw 

15  20 

6 

0 

<  10 

TC  Confinned 

Well  6  Raw 

15  40 

1  85 

7  2C 

9  00 

3 

0 

10 

no  aad  or  qas  (72  hrs) 

Well  6  Raw 

15  40 

3 

0 

20 

no  acid  or  qas  (72  hrs) 

Well  6  Raw 

16  00 

0  44 

7  8C 

9  00 

0 

0 

<   10 

no  acid  or  qas  (72  hrs) 

Well  6  Raw 

16  03 

0  87 

1 

0 

<   10 

TC  Confirmed 
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Appendix  H-2 


Campylobacter  and  Salmonella  Results 


MOE  FILTRATION  SYSTEM  SAMPLING  PROGRAM 
Campylobacter  and  Salmonella  Results 

Sample 
Location 

Sample 
Date 

Campylobacter 
(cells/1 00ml) 

Salmonella 
(cells/IOOmI) 

Well  7  Raw 

Oct  26,  2000 

Not  Detected 

Not  Detected 

Post  Filtration 

Oct  26,  2000 

Not  Detected 

Not  Detected 

Filter  Reject  Water 

Oct  26,  2000 

Not  Detected 

Not  Detected 

Treated  Water 

Oct  26,  2000 

Not  Detected 

Not  Detected 

Well  7  Raw 

Oct  27,  2000 

Not  Detected 

Not  Detected 

Post  Filtration 

Oct  27,  2000 

Not  Detected 

Not  Detected 

Filter  Reject  Water 

Oct  27,  2000 

Not  Detected 

Not  Detected 

Treated  Water 

Oct  27,  2000 

Not  Detected 

Not  Detected 

Well  7  Raw 

Nov  1 ,  2000 

Not  Detected 

Not  Detected 

Treated  Water 

Nov  1 ,  2000 

Not  Detected 

Not  Detected 

575  Durham  St  W 

Nov  1 , 2000 

Not  Detected 

Not  Detected 

2  Mary  St 

Nov  1 . 2000 

Not  Detected 

Not  Detected 

Well  7  Raw 

Nov  8,  2000 

Not  Detected 

Not  Detected 

Treated  Water 

Nov  8,  2000 

Not  Detected 

Not  Detected 

575  Durham  St  W 

Nov  8.  2000 

Not  Detected 

Not  Detected 

605  Yonge  St 

Nov  8,  2000 

Not  Detected 

Not  Detected 
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Appendix  H-3 


Chemical  Water  Quality  Results 
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Distribution  System  Sampling  Results 
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Appendix  I  -  MOE's  Chemical  Characterization  of  the  Water  Supply 


Appendix  1-1 


List  of  Parameters  Tested 


SUMMARY  OF  CHEMICAL  PARAMETERS  ANAYL2ED 


PARAMETER  GROUP 
NAME 

PARAMETER  NAME 

O.D.W.S. 

(mg/L,  unless  other  wise  specified) 

BACTERIOLOGICAL 

ESCHERICHIA  COLI 

NOT  DETECTED 

TOTAL  COLI  FORMS 

SEE  SECTION  4.2.2  OF  ODWS 

HETEROTROPHIC  PLATE  COUNTS 

SEE  SECTION  4.2.2  OF  ODWS 

GENERAL 
CHEMISTRY 

ALKALINITY;  TOTAL  FIXED  ENDPOINT 

30-500  as  CaCOj  (OG) 

CALCIUM 

CARBON;  DISSOLVED  INORGANIC 

CARBON;  DISSOLVED  ORGANIC 

5.0  (AO) 

CHLORIDE 

250  (AO) 

COLOUR;  TRUE 

5  TCU  (AO) 

CONDUCTIVITY 

FLUORIDE 

a  (MAC) 

HARDNESS 

80-100  as  CaC03(0G) 

LANGELIERS  INDEX  CALCULATION 

MAGNESIUM 

NITRILOTRIACETIC  ACID 

0.4  (MAC) 

NITROGEN;  AMMONIA  +  AMMONIUM 

NITROGEN;  NITRITE 

1.0"  (MAC) 

NITROGEN;  NITRATE  +  NITRITE 

10.0"  (MAC) 

NITROGEN;  TOTAL  KJELDAHL 

c 

PH 

6.5-8.5  (no  units)  (OG) 

PHOSPHORUS;  PHOSPHATE 

PHOSPHORUS;  TOTAL 

POTASSIUM 

SATURATION  PH  ESTIMATED 

SILICON;  REACTIVE  SILICATE 

SODIUM 

d(AO) 

SOLIDS;  DISSOLVED 

SULPHATE 

500'  (AO) 

TURBIDITY 

f  (MAC) 
f(AO) 

METALS 

ALUMINUM 

0.10  (OG) 

ANTIMONY 

ARSENIC 

0.025  (IMAC) 

BARIUM 

1.0  (MAC) 

BERYLLIUM 
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SUMMARY  OF  CHEMICAL  PARAMETERS  ANAYLZED 


PARAMETER  GROUP 
NAME 

PARAMETER  NAME 

O.D.W.S. 

(mg/L,  unless  other  wise 

specified) 

BORON 

5.0  (IMAC) 

CADMIUM 

0.005  (MAC) 

CHROMIUM 

0.05  (MAC) 

COBALT 

COPPER 

1.0  (AO) 

IRON 

0.3  (AO) 

LEAD 

0.01"  (MAC) 

MANGANESE 

0.05  (AO) 

MOLYBDENUM 

NICKEL 

SELENIUM 

0.01  (MAC) 

SILVER 

STRONTIUM 

THALLIUM 

TITANIUM 

URANIUM 

0.10  (MAC) 

VANADIUM 

ZINC 

5.0  (AO) 

VOLATILE  ORGANICS 

1,1.1-TRICHLOROETHANE 

1 ,1 ,2,2-TETRACHLOROETHANE 

1 ,1 ,2-TRICHLOROETHANE 

1,1-DICHLOROETHANE 

1,1-DICHLOROETHENE 

1,2-DIBROMOETHANE 
(  ETHYLENE  DIBROMIDE  ) 

1 ,2-DICHLOROBENZENE 

0.2(MAC) 
0.003(AO) 

1,2-DICHLOROETHANE 

0.005  (IMAC) 

1,2-DICHLOROPROPANE 

1,3-DICHLOROBENZENE 

1 ,4-DICHLOROBENZENE 

0.005(MAC) 
0.001  (AO) 

BENZENE 

0.005  (MAC) 

BROMODICHLOROMETHANE 

BROMOFORM 

CARBON  TETRACHLORIDE 

0.005  (MAC) 
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SUMMARY  OF  CHEMICAL  PARAMETERS  ANAYL2ED 


PARAMETER  GROUP 
NAME 

PARAMETER  NAME 

O.D.W.S. 

(mg/L,  unless  other  wise  specified) 

CHLOROBENZENE 

0.08  (MAC) 

CHLOROETHENE  (  VINYL  CHLORIDE  ) 

0.002  (MAC) 

CHLOROFORM 

CIS-1 ,2-DICHLOROETHENE 

DIBROMOCHLOROMETHANE 

DICHLOROMETHANE 

0.05  (MAC) 

ETHYLBENZENE 

M-XYLENE 

0-XYLENE 

P-XYLENE 

STYRENE 

TETRACHLOROETHENE 

TOLUENE 

TOTAL  TRIHALOMETHANES 

0.100"  (MAC) 

TRANS-1 ,2-DICHLOROETHENE 

TRICHLOROETHENE 

HALOACETIC  ACIDS 

BROMOCHLOROACETIC  ACID 

DIBROMOACETIC  ACID 

DICHLOROACETICACID 

MONOBROMOACETIC  ACID 

MONOCHLOROACETIC  ACID 

TRICHLOROACETIC  ACID 

TOTAL  HALOACETIC  ACIDS 

CHLOROPHENOLS 

2,3,4, 5-TETRACHLOROPHENOL 

2,3,4,6-TETRACHLOROPHENOL 

0.10(MAC) 
0.001(AO) 

2,3,4-TRICHLOROPHENOL 

2,4,5-TRICHLOROPHENOL 

2.4,6-TRICHLOROPHENOL 

0.005(MAC) 
0.002(AO) 

2,4-DICHLOROPHENOL 

PENTACHLOROPHENOL ( Pep  ) 

CHLOROAROMATICS 

1 ,2.3,4-TETRACHLOROBENZENE 

1 ,2,3.5-TETFlACHLOROBENZENE 

1 ,2,3-TRICHLOROBEN2ENE 

1 ,2,4,5-TETRACHLOROBENZENE 
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PARAMETER  GROUP 
NAME 

PARAMETER  NAME 

O.D.W.S. 

(mg/L,  unless  other  wise  specified) 

1 .2,4-TRICHLOROBEN2ENE 

1 ,3,5-TRICHLOROBENZENE 

2,3,6-TRICHLOROTOLUENE 

2,4,5-TRICHLOROTOLUENE 

2,6-DlCHLOROBENZYL  CHLORIDE 
(  2,6,A-TRICHLOROTOLUENE  ) 

HEXACHLOROBENZENE 

HEXACHLOROBUTADIENE 

HEXACHLOROETHANE 

OCTACHLOROSTYRENE 

PENTACHLOROBENZENE 

POLYCYCLIC  AROMATIC 
HYDROCARBONS 

ANTHRACENE 

BENZO(A)  PYRENE 

0.00001  (MAC) 

BENZO(A)ANTHRACENE 

BENZO(B)  FLUORANTHENE 

BENZO(E)  PYRENE 

BENZO(G,H,l)  PERYLENE 

BENZO(K)  FLUORANTHENE 

CHRYSENE 

DIBENZO(A,H)  ANTHRACENE 

7,12-DIMETHYLBENZ(A)  ANTHFfACENE 

FLUOFIANTHENE 

INDENO(1,2,3-C.D)  PYRENE 

PERYLENE 

PHENANTHRENE 

PYRENE 

PESTICIDES 
(Triazine  Herbicides) 

ALACHLOR  (  "LASSO"  ) 

0.005  (IMAC) 

AMETRYNE 

ATRATONE 

ATRAZINE 

0.005  (IMAC) 

CYANAZINE  (  "BLADEX"  ) 

0.01  (IMAC) 

D-ETHYLATED  ATRAZINE 

D-ETHYLATED  SIMAZINE 

METOLACHLOR 

0.05  (IMAC) 

METRIBUZIN  (  "SENCOR"  ) 

0.08  (MAC) 
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PARAMETER  GROUP 
NAME 

PARAMETER  NAME 

O.D.W.S. 

(mg/L,  unless  other  wise 

specified) 

PROMETONE 

PROMETRYNE 

0.001  (IMAC) 

PROPAZINE 

SIMAZINE 

0.01  (IMAC) 

PESTICIDES 

(Organochloride 

Pesticides) 

ALDRIN 

0.0007  (MAC) 

ALPHA  CHLORDANE 

0.007  (MAC) 

ALPHA-BHC 

( HEXACHLOROCYCLOHEXANE  ) 

DIELDRIN 

0.0007  (MAC) 

ENDOSULFAN  1  (  THIODAN  1"  ) 

ENDOSULFAN  II  (  THIODAN  11"  ) 

ENDOSULFAN  SULPHATE 
(  THIODAN  SULPHATE"  ) 

ENDRIN 

GAMMA  CHLORDANE 

0.007  (MAC) 

HEPTACHLOR 

0.003  (MAC) 

HEPTACHLOR  EPOXIDE 

0.003  (MAC) 

GAMMA-BHC  HEXACHLOROCYCLOHEXANE 
(  "LINDANE"  ) 

0.004  (MAC) 

METHOXYCHLOR 

0.9  (MAC) 

MIREX 

0,P-DDT 

OXYCHLORDANE 

P.P-DDD 

P,P-DDE 

P,P-DDT 

0.03  (MAC) 

PCB;  TOTAL 

0.003  (IMAC) 

TOXAPHENE 

TRIFLURALIN 

0.045  (IMAC) 

SPECIFIC  PESTICIDES 
(Phenoxyacid  Herbicides) 

2,4,5-TRICHLOROPHENOXYACETIC  ACID 
(  2.4.5-T  ) 

0.28(MAC) 
0.02(AO) 

2.4-D-PROPIONIC  ACID  (  2,4-DP  ) 

2,4-DICHLOROPHENOXYACETIC  ACID 
(  2,4-D  ) 

0.1  (IMAC) 

2,4-DICHLORORPHENOXYBUTYRIC  ACID 
(  24-DB  ) 

BROMOXYNIL 

0.005  (IMAC) 

DICAMBA 

0.12  (MAC) 

Page   5   of      9 


SUMMARY  OF  CHEMICAL  PARAMETERS  ANAYLZED 


PARAMETER  GROUP 
NAME 

PARAMETER  NAME 

O.D.W.S. 

(mg/L,  unless  other  wise  specified) 

DICLOFOP-METHYL 

0.009  (MAC) 

DINOSEB 

0.01  (MAC) 

PICLORAM 

0.19  (IMAC) 

SILVEX  (  2,4,5-TP  ) 

SPECIFIC  PESTICIDES 
(Dlquat,  Paraquat) 

DIQUAT 

0.07  (IMAC) 

PARAQUAT 

0.01  (IMAC) 

SPECIFIC  PESTICIDES 
(Phenyl  Urea  Pesticides) 

CHLOROBROMURON 

CHLOROTOLURON 

DIFENOXURON 

DIURON 

0.15  (MAC) 

FLUOMETURON 

LINURON 

METOBROMURON 

METOXURON 

MONOLINURON 

MONURON 

NEBURON 

SIDURON 

SPECIFIC  PESTICIDES 
(Carbamates) 

ALDICARB 

0.009  (MAC) 

BARBAN 

BENDIOCARB 

0.04  (MAC) 

BUTYLATE ( "SUTAN" ) 

CARBARYL 

0.09  (MAC) 

CARBOFURAN 

0.09  (MAC) 

CHLOROPROPHAM  (  "CIPC"  ) 

DIALLATE 

EPTAM 

PROPHAM  (  "IPC"  ) 

PROPOXUR  ("  BAYGON"  ) 

TRIALLATE 

0.23  (MAC) 

SPECIFIC  PESTICIDES 

(Organophosphorus 

Pesticides) 

AZINPHOS-METHYL  (  "GUTHION"  ) 

0.02  (MAC) 

CHLORPYRIPHOS  (  "DURSBAN"  ) 

0.09  (MAC) 

DIAZINON 

0.02  (MAC) 

DICHLOROVOS 

DIMETHOATE 

0.02  (IMAC) 
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PARAMETER  GROUP 
NAME 

PARAMETER  NAME 

O.D.W.S. 

(mg/L.  unless  other  wise  specified) 

ETHION 

MALATHION 

0.19  (MAC) 

METHYLPARATHION 

MEVINPHOS 

PARATHION 

0.05  (MAC) 

PRORATE  (  THIMEr  ) 

0.002  (IMAC) 

RELDAN 

RONNEL 

TEMEPHOS 

0.28  (IMAC) 

TERBUFOS 

0.001  (IMAC) 

SPECIFIC  PESTICIDES 
(Glyphosate,  AMPA) 

GLYPHOSATE 

0.28  (IMAC) 

AMINOMETHYLPHOSPHONIC  ACID 
( AMPA ) 

NOMA 

N-NITROSODIMETHYLAMINE 

0.000009  (IMAC) 

TASTE  AND  ODOUR 

GEOSMIN 

2-METHYLISOBORNEOL 

2,3,6-TRICHLOROANISOLE 

2,4,6-TRICHLOROANISOLE 

2-ISOPROPYL-3-METHOXYPYRAZINE 

2-ISOBUTYL-3-METHOXYPYRAZINE 

MASS  SPEC 

GAS  CHROMATOGRAPHY  /  MASS  SPECTROMETRY 

CHARACTERIZATION 

(non-targef  textual  results  only) 

MASS  SPEC 

GAS  CHROMATOGRAPHY  /  MASS  SPECTROMETRY 

CHARACTERIZATION 

(non-target  textual  results  only) 

DIOXINS  and  FURANS 

VARIOUS  CHLORINATED  DIBENZODIOXINS  AND 
DIBENZOFURANS 

0.000000015  (IMAC) 
(Expressed  as  2.3,7,8,TCDD 
toxicity  equivalents  (TEQ)/L) 

RADIONUCLIDES 

GROSS  ALPHA  COUNT 

GROSS  BETA  COUNT 

RADIUM  226 

0.6  Bq/L  (MAC) 

TRITIUM 

7000  (MAC) 

MERCURY 

MERCURY 

0.001  (MAC) 

CYANIDE 

CYANIDE 

0.2  (MAC) 
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ENDNOTES 

The  following  notes  were  taken  from  the  Ontario  Drinking  Water  Standards  (ODWS) 
(Aug-2000).  Please  note  that  the  lettering  for  the  footnotes  were  changed  to  fit  the 
above  table;  however,  the  contents  have  not  been  modified. 

Shortforms: 

MAC  —  Maximum  Acceptable  Concentration 

IMAC  —  Interim  Maximum  Acceptable  Concentration 

AO  —  Aesthetic  Objective 

OG  —  Operational  Guideline 

NTU  —  Nephelometric  Turbidity  Unit 

mg/L  —  milligrams  per  litre 

Footnotes: 

a)  Where  fluoride  is  added  to  drinking  water,  it  is  recommended  that  the  concentration 
be  adjusted  to  1 .0  (+/-0.2mg/L)  the  optimum  level  for  control  of  tooth  decay.  Where 
supplies  contain  naturally  occurring  fluoride  at  levels  higher  than  1 .5  mg/L  but  less 
than  2.4  mg/L  the  Ministry  of  Health  and  Long  Term  Care  recommends  an  approach 
through  local  boards  of  health  to  raise  public  and  professional  awareness  to  control 
excessive  exposure  to  fluoride  from  other  sources.  Levels  above  the  MAC  must  be 
reported  to  the  local  Medical  Officer  of  Health. 

b)  Where  both  nitrate  and  nitrite  are  present,  the  total  of  the  two  should  not  exceed  1 0 
mg/L  (as  nitrogen). 

c)  The  operational  guideline  for  organic  nitrogen  in  drinking  water  is  0.15  mg/L. 
Organic  nitrogen  is  calculated  by  the  difference  between  the  total  Kjeldahl  nitrogen 
and  the  ammonia  nitrogen.  High  levels  may  be  caused  by  septic  tank  or  sewage 
effluent  contamination. 

d)  The  aesthetic  objective  for  sodium  in  drinking  water  is  200  mg/L.  The  local  Medical 
Officer  of  Health  should  be  notified  when  the  sodium  concentration  exceeds  20 
mg/L  so  that  this  information  may  be  disseminated  to  local  physicians  for  their  use 
with  patients  on  sodium  restricted  diets. 

e)  When  sulphate  levels  exceed  500  mg/L,  water  may  have  a  laxative  effect  on  some 
people. 

f)  A  MAC  for  turbidity  of  1.0  NTU  in  drinking  water  leaving  the  treatment  plant  was 
established  to  ensure  the  efficiency  of  the  disinfection  process.  Distribution  system 
protection  processes  can  result  in  increased  turbidity  in  the  distribution  system.  To 
ensure  that  the  aesthetic  quality  is  not  degraded,  an  aesthetic  objective  for  turbidity 
at  the  free  flowing  outlet  of  the  ultimate  consumer  had  been  set  at  5  NTU. 
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g)  This  standard  applies  to  water  at  the  point  of  consumption.  Since  lead  is  a 
component  in  some  plumbing  systems,  first  flush  water  may  contain  higher 
concentrations  of  lead  than  water  that  has  been  flushed  for  five  minutes. 

h)  This  standard  is  expressed  as  a  running  annual  average  of  quarterly  samples 
measured  at  a  point  reflecting  the  maximum  residence  time  in  the  distribution 
system. 
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Appendix  1-2 

Drinking  Water  Surveillance  Program 
Sampling  Protocols 


DRINKING  WATER  SURVEILLANCE  PROGRAM  (DWSP)  SAMPLING  PROTOCOLS 

1  )  Please  fill  ALL  bottles  supplied  according  to  instructions  below — cap  bottles  tightly 

2)  Do  not  smoke  during,  or  one  hour  prior  to  sampling  in  vicinity  of  sampling  location 

3)  Please  ensure  no  chlorine  or  other  treatment  chemicals  are  present  in  Raw  Water  samples 

4)  Please  flush  sample  tap  for  a  minimum  of  5  minutes  (except  for  standing  sample  if  requested) 

5)  Add  preservatives  carefully  (CAUTION:  preservatives  are  toxic) 

6)  Carefully  record  required  information  on  forms  provided 


GENERAL  CHEMISTRY 
(RINSE  BOTTLE  AND  CAP) 

-  500  mL  clear  plastic  bottle  with  white  lid 

-  rinse  bottle  and  cap  three  times  and  discard  water 

-  fill  to  approximately  2.5  cm  from  top  of  bottle 

METALS 

(RINSE  BOTTLE  AND  CAP) 

(AFTER  FILLING.  ADD  10+  DROPS  NITRIC  ACID  TO 

GET  pH  2) 

-  500  mL  clear  plastic  bottle  with  white  lid 

-  rinse  bottle  and  cap  three  times  and  discard  water 

-  fill  to  approximately  2.5  cm  from  top  of  bottle 

-  add  at  least  10  drops  Nitric  Acid  preservative  AFTER  filllna  bottle  and  use 
pH  paper  to  ensure  water  has  pH  of  2  (CAUTION:  Nitric  Acid  is  con-osive) 

-  cap  and  mix  contents 

VOLATILE  ORGANICS 
(2  BOTTLES) 

(DO  NOT  RINSE  BOTTLES) 

(FILL  COMPLETELY  -  NO  BUBBLES  ) 

-  45  mL  clear  glass  bottles  with  special  rubber/teflon  septum-cap 

-  do  NOT  rinse  bottles 

-  tilt  bottles  when  filling  to  avoid  splashing 

-  fill  bottles  completely 

-  cap  and  Invert  bottles,  if  air  bubbles  are  found,  add  more  water 

HALOACETIC  ACIDS 

(BOTTLE  RINSE  NOT  NECESSARY) 
(FILL  COMPLETELY) 

-  250  mL  clear  glass  bottle  with  teflon  lined  cap 

-  bottle  rinse  not  necessary 

-  tilt  bottle  when  filling  to  avoid  splashing 

-  fill  bottle  completely 

CHLOROAROMATICS 

CHLOROPHENOLS 

DIOXINS  AND  FURANS 

MASS  SPEC  -  EXTRACTABLES 

NDMA 

TASTE  AND  ODOUR 

PESTICIDES: 
CARBAMATES 
ORGANOCHLORIDES 
ORGANOPHOSPHORUS 
PHENOXYACIDS 
PHENYL  UREAS 
TRIAZINES 

(BOTTLE  RINSE  NOT  NECESSARY) 

-  Up  to  fifteen  1  L  brown  glass  bottles  vinth  teflon  lined  caps 

-  bottle  rinse  not  necessary 
-fill  ALL  bottles 

-  fill  to  approximately  2  cm  from  top  of  bottle 

POLYCYCLIC  AROMATIC  HYDROCARBONS  (PAH) 

(BOTTLE  RINSE  NOT  NECESSARY) 

(AFTER  FILLING.  ADD  25  DROPS  OF  SODIUM 

THIOSULPHATE) 

- 1  L  browm  glass  bottle  with  teflon  lined  cap 

-  bottle  rinse  not  necessary 

-  fill  to  approximately  2.5  cm  from  top  of  bottle 

-  add  exactly  25  drops  of  Sodium  Thiosulphate  AFTER  flllina  bottle 

-  cap  and  mix  contents 

GLYPHOSATE,  AMPA 
(RINSE  BOTTLE  AND  CAP) 

-  500  mL  clear  plastic  bottle  with  white  lid 

-  rinse  bottle  and  cap  three  times  and  discard  water 

-  fill  to  approximately  2.5  cm  from  top  of  bottle 

DIQUAT.  PARAQUAT 

(DO  NOT  RINSE  BOTTLE) 

-  500  mL  clear  plastic  bottle  with  virhite  lid 

-  do  NOT  rinse  bottle  (sodium  thiosulphate  pellet  has  been  added  to  quench 
chlorine  in  sample) 

-  fill  to  approximately  2.5  cm  from  top  of  bottle 

-  cap  and  mix  contents 

MASS  SPEC  -  VOLATILES 

(BOTTLE  RINSE  NOT  NECESSARY) 
(FILL  COMPLETELY  -  NO  BUBBLES  ) 

-  250  mL  clear  glass  bottle  with  teflon  lined  cap 

-  bottle  rinse  not  necessary 

-  tilt  bottle  when  filling  to  avoid  splashing 

-  fill  bottle  completely 

-  cap  and  invert  bottle;  if  air  bubbles  are  found,  add  more  water 

1 
DRINKING  WATER  SURVEILLANCE  PROGRAM  (DWSP)  SAMPLING  PROTOCOLS 

1  )  Please  fill  ALL  bottles  supplied  according  to  instructions  below — cap  bottles  tightly 

2)  Do  not  smoke  during,  or  one  hour  prior  to  sampling  in  vicinity  of  sampling  location 

3)  Please  ensure  no  chlorine  or  other  treatment  chemicals  are  present  in  Raw  Water  samples 

4)  Please  flush  sample  tap  for  a  minimum  of  5  minutes  (except  for  standing  sample  if  requested) 

5)  Add  preservatives  carefully  (CAUTION;  preservatives  are  toxic) 

6)  Carefully  record  required  information  on  forms  provided 

RADIONUCLIDES 

(RINSE  BOTTLE  AND  CAP) 

-  4  L  plastic  container 

-  rinse  bottle  and  cap  three  times  and  discard  water 

-  fill  to  approximately  2  cm  from  top  of  bottle 

CYANIDE 

(RINSE  BOTTLE  AND  CAP) 

(AFTER  FILLING,  ADD  10  DROPS  SODIUM 

HYDROXIDE) 

-  500  mL  clear  plastic  bottle  witfi  white  lid 

-  rinse  bottle  and  cap  three  times  and  discard  water 

-  fill  to  approximately  2.5  cm  from  top  of  bottle 

-  add  10  droDS  Sodium  Hydroxide  oreservatlve  AFTER  rilling  bottle 
(CAUTION:  Sodium  Hydroxide  is  con-osive) 

-  cap  and  mix  contents 

MERCURY 

(RINSE  BOTTLE  AND  CAP) 

(AFTER  FILLING,  ADD  20  DROPS  NITRIC  ACID  AND  20 

DROPS  OF  POTASSIUM  DICHROMATE) 

-  500  mL  clear  plastic  bottle  with  white  lid 

-  rinse  bottle  and  cap  three  times  and  discard  water 

-  fill  to  approximately  2.5  cm  from  top  of  bottle 

-  add  20  drops  Nitric  Acid  and  20  drops  Potassium  Dichromate  preservatives 
AFTER  fillinn  bottle  (CAUTION:  Nitric  Acid  and  Potassium  Dichromate  are 
corrosive) 

-  cap  and  mix  contents 
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Chemical  Water  Quality  Results 
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